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Impact of an Experimental Centric Learning on Peer Learning and
Collaboration among Environmental Engineering Undergraduates in a
Historical Black College and University

Abstract

The world today faces numerous environmental challenges and requires creativity, innovation,
and collaboration to resolve these issues. Traditional lecturing methods have limitations in
inspiring creativity and learners’ collaboration as it is more tutor centered. Experiment-centric
learning utilizes hands-on devices and tools to engage students in collaborative and peer
learning. This study aims to assess the extent this approach has enhanced peer learning and
collaboration among environmental engineering undergraduates. This quantitative investigation
was conducted using a pre- and post-test approach. This study used validated items from the
popular Motivated Strategies for Learning Questionnaire (MSLQ), signature assignment, and
outcome assessment to explore the impact of hands-on devices on peer learning and
collaboration as well as academic achievement in modules where this innovative pedagogy was
implemented. The data was cleaned and analyzed using SPSS v25.0 (Statistical Package for the
Social Sciences), and the results were provided in the form of frequency, percentage, mean, and
standard deviation. The study employed a Mid-p Adjusted Binomial and McNemar with a
confidence level of 95.0% to explore the impact of mediating socio-demographic variables.
There was a significant improvement in the peer-learning and collaboration of the learners
(p<0.050). In addition, gender and prior academic CGPA were found not to be significantly
associated with the increase in peer learning and collaboration (p>0.05) while class level was
found to be significantly associated (p<0.05). The findings of this study contribute valuable
insights to the field of environmental engineering education, suggesting that innovative, less
cumbersome, easy-to-use technology when combined with teaching methods can enhance peer
learning and collaboration. These findings may inform future curriculum design and instructional
approaches to better equip students in addressing the complex environmental issues of our era.



Introduction

The world today faces numerous environmental challenges and requires creativity, innovation,
and collaboration to resolve these issues. Higher education institutions are the ideal environment
for cultivating these essential qualities. However, Historically Black Colleges and Universities
(HBCUSs) often do not prioritize the development of creativity, innovation, and collaboration in
their educational approach for students [1]. Nevertheless, in recognizing the potential impact,
there exists a unique opportunity to leverage HBCUs in enhancing diversity, equity, and
inclusion in STEM education as well as in the engineering industry. By placing emphasis on
nurturing creativity, innovation, and collaboration within the academic environment of HBCUs,
students can be better equipped to tackle environmental challenges. This approach not only
improves their capacity to discover inventive solutions but also fosters collaboration, which is
crucial for tackling intricate problems in the contemporary world [2].

Experimental-centric pedagogy (ECP) is one of the active learning strategies that has been
developed and adopted to further improve collaboration and peer learning in STEM education.
This approach utilizes low cost and safe hands-on devices to engage students and creates an open
space for their minds to explore. It is noteworthy that collaborative learning is essential for
developing critical thinking abilities, which has been established in literatures that students
remember education material better when working in groups [3],[4].

In the investigation conducted by Cortright [5], the focus was on evaluating the influence of
collaborative learning on student retention. The study comprised a cohort of 29 students, with 19
participants assigned to the control group. The outcome underscores the efficacy of active
learning methodologies and lends support to the broader discourse on the positive impact of
collaborative learning strategies. Cavanagh [6] study shows that students prefer engaging classes
with collaborative learning activities such as experimental centric activities. Furthermore, a
comprehensive analysis of past studies [7],[8],[9] confirms that collaborative learning structures
significantly boost academic performance compared to competitive or individualistic structures
competitive or individualistic structures.

This present study aims to assess the extent ECP has enhanced peer learning and collaboration
among environmental engineering undergraduates at a Historically Black College and University
(HBCU). The rationale behind this study stems from the role that collaborative learning plays in
enhancing academic success and professional development, particularly within the context of
underrepresented student populations in higher education institutions. Understanding the
dynamics of peer learning and collaboration is essential for creating inclusive and supportive
learning environments, especially in disciplines like environmental engineering where teamwork
and interdisciplinary perspectives are crucial. By examining the effectiveness of this approach
within the unique setting of an HBCU, this study aims to contribute valuable insights into



tailored educational strategies that promote student engagement, retention, and success.
Furthermore, by focusing on underrepresented student populations, this study aligns with broader
initiatives aimed at enhancing diversity, equity, and inclusion in higher education.

Theoretical framework of Experimental Centric Pedagogy (ECP)

The process of learning varies among students, making it important for instructors to understand
the development of different pedagogical strategies, how to enhance student retention rate, and
how to increase student curiosity. In recent years, educational professionals have explored
numerous ways individual students gain, retain, and recall information, leading to the creation of
various learning theories.

For the purpose of this study, the social learning theory, acronym the 3 Cs of social learning
Content, Connect and Collaboration was adopted. The three Cs derived from Albert Bandura
[10] serve as the foundation for crafting a pedagogical approach that effectively supports
students' social learning. The theory [10] emphasizes on cognitive and behavioral aspects of
learning, offering a comprehensive framework that mirrors real-world learning experiences.

The social learning theory states that knowledge is acquired through the following principles
[11], [12].
e Learning is cognitive and social, not just behavioral.
e Learning occurs by behavior observation and their consequences (vicarious
reinforcement).
Learning involves observation, information extraction, and decision-making,
Learning is an active interaction where cognition, environment, and behavior mutually
influence each other (reciprocal determinism).

Social learning theory using the 3C Model:

This study incorporates the 3C model of social learning [13] and it is defined as Content,
Connection, and Collaboration. In the learning field, content creation is crucial to achieve precise
learning. Instructors should create content by setting learning objectives for effective training
[14]. The integration of a social learning aspect requires the instructors to clearly state the
desired learning outcomes while concurrently establishing a social context within the learning
environment. This entails encouraging learners to connect and collaborate with peers, be it
through formal avenues such as group projects or mentoring programs [10].



Figure 1: The 3Cs Framework [13].

The emphasis on connection in social learning highlights the importance of instructors not only
facilitating student interaction during traditional lectures or lab sessions but also fostering online
activities [15]. Instructors should establish a mentorship environment within the classroom,
encouraging students to learn not only from the instructors but also from each other. This
reciprocal learning benefits both students and mentors through reinforced learning. This
deliberate shift in strategy aims to broaden access to educational content, promoting meaningful
discussions through dedicated platforms like discussion forums [16]. This approach is
particularly relevant in specialized courses such as Environmental Engineering.

Collaboration within social learning is very crucial, as it deepens engagement. Instructors can
proactively encourage learners to collaborate by facilitating group projects, discussions, or
problem-solving activities [17]. This collaborative approach empowers learners to share
experiences, enrich each other's understanding, and collectively achieve common goals. Whether
through meticulously designed discussion forums or seamlessly integrated group projects,
collaboration serves as a linchpin in enhancing the overall social learning experience for
undergraduate students.

Methodology

This study aimed to assess the impact of experiment-centric pedagogy (ECP) on learners' peer
learning and collaboration. To assess the impact, experiments were conducted in CEGR 388:
Environmental Engineering I, employing the ECP approach. The module developed was
centered on the hands-on detection and measure of pH as well as the determination of total



dissolved solids in home or domestic liquids. The assessment of peer learning and collaboration
was carried out using the validated Motivated Strategy for Learning Questionnaire (MLSQ) by
Pintrich [18]. Additionally, signature assignments were used to evaluate the enhancement of
collaboration facilitated by the employed pedagogy. It is essential to note that, although the
MLSQ consists of various constructs, this paper only reports peer learning and collaboration
items.

Module Design

Figure 2 shows the well-developed modulus structure and how the Experimental Centric
Pedagogy was deployed. This has been given a detailed explanation by Fibrined et al [19].

ECP Module Instructional Design Template

1. Information 2. Purpose of the 3. Imstructional

about the module module Process

4. Reflection

Module Titl . .
- & St a Questions a. Materials needed a. Reflection

= P!acement LTy b. Module objectives b. Procedures
curriculum
¢. Primary/ Secondary c. Formative assessment

audience d. Summative assessment
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f Context f. Alternate plans.

Figure 2: ECP Instructional module design [19].

CEGR 338 introduces students to the planning and design of elements of water treatment plants
and elements of wastewater treatment plants, and the design of sewers and water distribution
system hydraulics. The ECP laboratory experiment applies the knowledge of general chemistry
to sanitary chemical analyses, which include pH measurements and total dissolved solids.

Hands-on Activity during Module Implementation

The pH Experiment:

This experiment utilizes ADALM 1000, Analog pH Sensor kit which contains pH meter, buffer
solution and other solutions such as lemon juice, vinegar, water, soda, vinegar, bleach. Figure 3
and Figure 4 show the equipment used for the experiments. The goal of this experiment is to
explain the relationship between pH and hydrogen ions to the students and to test the acidity and



basicity of different solutions. The mathematical relationship between pH and hydrogen ions is
represented in equation 1

pH =—log(H +) 1)
This can be interpreted as if the pH increases, the hydrogen ion in the solution increases and vice
versa. Students were expected to check the pH number of each solution using pH meter and the
ADALM 1000. At the end of the experiment students had a more informed understanding of
different solutions’ acidity and basicity.

Figure 3: ADAM 1000 Figure 4: Analog pH kit

Data collection and analysis

The study adopted a pre-post-test design approach and data collection was done prior to the
implementation of each module. Noteworthy is that each module was implemented in separate
terms and hence the uniqueness of participants was ensured in each term. Ethical consideration

in terms of privacy and consent was established and ensured during the study. Survey was sent
digitally to the students prior to the implementation and after the implementation of the module
using Motivated Strategies for Learning Questionnaire (MSLQ). The collected data was screened
for missing data and consistency of assigned identification was ensured at pre and post-test data.
This enables comparison of students' responses and performance on the survey and signature
assignments. This current study used the data collected between the fall terms of 2021 and the
spring of 2023. Moreover, the peer learning and collaboration instrument used in the study isa 7-
point Likert scale, 3 item instrument (Table 1). The range of the scoring items was from 1 (not
very true of me) to 7(very true of me). The normality test of the cleaned data was conducted to
ensure the best choice of descriptive and inferential analysis. The normality test revealed that the
null hypothesis was accepted (p<0.05). Descriptive statistics and inferential analysis were
conducted on the merged cleaned data from pre-and post-test using the unique identification
number. The Box-and-Whisker plots, mean, standard deviation, and percentage were adopted as
the descriptive statistical approach to evaluate the baseline and potential impact of the pedagogy.
In addition, the non-parametric z-test was also conducted as well as the Cohen’s d effect test was



carried out to determine the significance of the implementation of this pedagogy on the
students. Inferential statistics were conducted at a confidence level set at 95%.

Table 1: MSLQ Construct- Peer Learning/Collaborating (PLC)

PLC_1 - When studying for this course, | often try to explain the material to a classmate or
a friend

PLC_2 - | try to work with other students from this class to complete the course
assignments.

PLC_3 - When studying for this course, | often set aside time to discuss the course material
with a group of students from the class.

Results

The study involved twenty-nine (29) participants. The result as seen on Table 2 illustrates the
social demographics of the learners, which shows 72.4% of the learners were male and 75.9% of
the learners are seniors. Notably, the study was conducted at an HBCU, highlighting the
importance of examining educational interventions within diverse academic settings [20], given
the inclusive culture fostered by HBCUs [21].

Table 2: Learners Social Demographic

Frequency, N=29 Percentage

Self-1dentify Gender

Female 8 27.6%

Male 21 72.4%

Academic level

Junior 7 24.1%

Senior 22 75.9%




Rating

Rating

The result presented in figure 5 indicates that there was a reduction in the interquartile ranges of
the scores on peer learning and collaboration of the students. Particularly, there was an evident
positive shift in two constructs (PLC 2 and PLC 3), “I try to work with other students from this
class to complete the course assignments,” and “When studying for this course, I often set aside
time to discuss the course material with a group of students from the class.” The adoption of a
strategy to engage fellow students by discussion revealed that students demonstrated a
collaborative attitude towards peer engagement post-implementation of the pedagogy. In
addition, the minimum scores in all the items were increased when the whiskers of the figures
are considered revealing that the impact of the pedagogy extended to a level to all groups of
students that participated in the study.
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Figure 5: Box-Whisker Plots of Pre-and Post-Test Scores on Peer Learning and Collaboration



Figure 6 shows a bar graph that represents the percentage change in mean scores from pre-test to
post-test for three different constructs (PLC_1, PLC_2, and PLC_3). The most significant
increase was observed in PLC_1, with an approximate 11% rise in mean scores. This substantial
growth suggests that students experienced notable improvements in the aspects of peer learning
and collaboration measured under this construct. Also, PLC_2 and PLC_3 also exhibited positive
changes, albeit less pronounced than PLC_1. They recorded roughly 7% and 8% increases
respectively, indicating that the experimental centric approach also positively impacted these
areas of peer learning and collaboration. The overall percentage change across all constructs was
around 9%. This suggests a general enhancement in peer learning and collaboration underscores
the effectiveness of the experimental centric approach in fostering a more collaborative learning

environment.
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Figure 6: Graph of percentage change of mean of pretest and posttest score.

Table 4 shows the result of the sample test of retest and protest on peer learning and
collaboration, the Mid-p Adjusted Binomial and McNemar tests. Both tests were conducted to
compare the pre-test and post-test proportions. Mid-p adjusted binomial test shows a difference
in proportions of -0.207 with an asymptotic standard error of 0.075. The one-sided p-value is
0.008, and the two-sided p-value is 0.016. Given that all p-values are below the common alpha
level threshold (e.g., 0.05), we reject the null hypothesis that there is no significant difference



between pre- and post-tests scores. The negative difference in proportions indicates a decrease
from pre-test to post-test scores.

McNemar’s test indicated a difference in proportions of -0.207 with an asymptotic standard error
of 0.075 as well but yielded a Z value of -2.449, resulting in one-sided p-value of 0.007 and two-
sided p-value of 0.014. Again, given that all p-values are below the common alpha level
threshold (0.05), we reject the null hypothesis that there is no significant difference between pre-
and post-tests scores. The consistency in results across different testing methods strengthens our
confidence in these findings, suggesting that an intervention or treatment administered between
these two tests had a statistically significant effect on participants’ scores.

The paired-samples proportions tests further validate our findings, revealing statistically
significant differences between pre-test and post-test scores across all PLC constructs (p < 0.05).
Specifically, the mid-p adjusted binomial test and McNemar test indicate a significant
improvement in peer learning and collaboration following the intervention.

Table 4: Paired-Samples Proportions Tests

Test Type | Difference | Asymptotic Z Significance |Significance
in Standard
Proportions | Error One-Sided p [Two-Sided p
Pretest - Mid-p -.207 075 .008 .016
Posttest Adjusted
Binomial
McNemar | -.207 075 -2.449 | .007 014

The study examines the association between the level of peer learning at pre- post-test (high or
low) and socio-demography variables (gender, current CGPA, and academic level). The result
showed that at pre-test, there was no significant association between the level of PLC and the
socio-demography. However, at post-test, there was a significant association between the level of
PLC and the academic level of the students.




Table 5: Association Between Socio-Demography Variables and Peer Learning and
Collaboration Scores

Pre-Test PLC
Gender Low High Chi-Square p-value
()

Female 3(23.1) 5(31.3) 0.24 0.62

Male 10(76.9) 11(68.8)

Current CGPA

3.6-4.0 4(30.8) 5(31.3) 3.62 0.31

31.-3.5 2(15.4) 7(43.8)

2.6-3.0 6(46.2) 3(33.3)

2.1-2.5 1(7.7) 1(6.3)

Academic Level

Junior 3(23.1) 4(25.0) 0.014 0.91

Senior 10(76.9) 12(54.5)

Post-Test PLC

Gender

Female 2(18.2) 6(33.3) 0.79 0.38

Male 9(81.8) 12(66.7)

Current CGPA

3.6-4.0 4(36.4) 5(27.8) 4.22 0.24

31.-35 1(9.1) 8(44.4)

2.6-3.0 5(45.5) 4(22.2)

2.1-2.5 1(9.1) 1(5.6)

Academic Level

Junior 5(71.4) 2(11.1)

Senior 6(27.3) 16(88.9) 4.39 0.04*
Discussion

The result of this study indicate a greater proportion of male students in the field of
environmental engineering, aligning with the research conducted by Takahira et al [22].
Takahira's research suggests that male students are commonly expected to pursue careers in
environmental engineering. This alignment underscores the consistency between the present
study's results and previous research findings regarding gender distribution in environmental
engineering disciplines.

According to from Bandura’s social learning theory [10], which emphasizes the significance of
observational learning and social interactions in the learning process, students demonstrate
enhanced peer learning and collaboration in experimental centric learning approach. The



observed marginal increase in mean scores from pre-test to post-test further supports the
principles of Bandura's theory[10], highlighting the efficacy of peer-based learning approaches in
academic settings.

Additionally, the result from Melnyk [23] illuminate the beneficial effects of the experimental-
centric approach on peer learning dynamics, it demonstrates that this approach proves more
effective in fostering students' interest and achievement in mastering challenging mathematical
concepts compared to traditional peer teaching methods. These results underscore the potential
of experimental-centric methodologies in nurturing collaborative learning environments that
promote student engagement and academic success.

The consistency of results across multiple test strengthens the soundness of these findings,
implying that an intervention between the two tests had a statistically significant influence on the
participants' scores. Pair-samples proportions tests revealed significant differences in pre-test and
post-test scores for all peer learning and collaboration (p < 0.05), supporting our findings.
Specifically, both the mid-p adjusted binomial test and the McNemar test showed a significant
improvement in peer learning and collaboration after the intervention. These results underscore
the efficacy of the intervention in enhancing peer learning and collaboration among participants,
thereby contributing to the growing body of literature on effective educational interventions in
academic settings.

Although the experimental-centric learning approach enhances peer learning and collaboration,
additional analysis is necessary to comprehensively gauge its long term impact. Incorporating a
control group would provide a more robust means of measuring the efficacy of this approach.

Conclusion

This study provides evidence supporting the impact of an experiment-centric approach in
environmental engineering education. Over the period from Fall 2021 to Spring 2023, we
implemented this approach, utilizing a validated instrument for assessment. The results from the
post-test administered to students indicate that this experiential-centric approach not only
facilitated peer learning but also significantly enhanced collaboration among learners.
Furthermore, the approach empowered students to explore and innovate, as reflected in their
heightened level of collaboration. The findings emphasize the significance of integrating
experiential learning methods into environmental engineering education to enhance active
engagement and skill development among students. Importantly, these results hold broader
implications for educational practices, highlighting the crucial role of hands-on, experiential
learning methodologies in nurturing collaborative skills vital for the future success of
engineering professionals. The limitation identified was the use of a single group for this
experimental study as well as the small sample size.
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